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_ayQ`6huk NCPWNCèQPs`�huSgPsO�á
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h�SgçÆ_�ê8Ngru`)fåXV_a`�âgrANU_a` hjN'yQfs`�rANCrAkAywp6SCç*k�SgvFãzSgXQ` XV_ah8_uyZNU_1rANCXQâb`
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TnNgrufWNCèePå`]hÃNCXeYí_ayQ`�fsr%YQ`�rafåTUNU_afåTb`HTg`]k�_aSgrAh�\�ðXU
l2c3kAyZNCXQâb` hF_ayQ`æYQNC_aNU_�pwãz` h?SCç�NCPsP´eSbNC_ufsXQâCáÌãZSbfåXV_)TnNgrufWNCèePå`]h�ïzàtyQ`'k�SgXehu` ÷VOQ` Xek�`�çÉSgrÂ_uyQ`]h�`FNCãeãQPåfWk�NC_ufsSgX�ámhuãZ`]k�fåìZk�YQNC_aN
h�_aruOek�_uOQra` hLfWh)_uyZNU_�fxçjðaU fshLXeNgfåTb`�PspæNCãeãQPåfs` Y:\Ï_uyQ`F_�pwãz`'Sgç8hu`�Tb`�rANCP�ìe`�PWYQhLêjfå_uyQfsX
_uyQ`�YeNU_aN6h�_uraOek�_uOQra`�êjfåPsP:èz`�kAyeNgXQâg`]Y¸ïeàtyQ` ru`�çÉSgra`g\QNCPsP7NgãQãQPsfsk NU_ufsSgX¥çÉOQXZk�_ufsSgXZhj_uyZNU_
Ngk�k�` hah8_uyQ`�YQNU_AN6h�_aruOek�_uOQra`g\eXQSC_<é�OZh�_1_ayQ`�XQSbXQPåfsXQ`]NCrjçÉOQXZk�_ufsSgX7\ev�OZh�_
èz`�vFS�Y�fxìZ` Y
_uS6Oehu`)_uyQ`�XQ` ê YeNU_aNC_�pwãZ`]h�ï

ð1X�NCPå_u` ruXeNC_ufsTg`*fWhÏ_uSjOZh�`�_�ê8S1YQNU_ANjh�_aruOZk�_uOeru`]h�\�SbXQ`*êjfx_ayL_uyQ`�SgrafåâbfåXeNgPCYQNU_ANU_�pwãz` h
NCXeY'SgXe`8êjfå_uy'_ayQ`
Y�` rufsTUNU_ufsTg`jYQNC_aNC_�pVãz` h \CNCXZY�_aS�k�Sgãwp�YeNU_aN)èz`�_�ê8`�` X�_ayQ`�v�ïVR1SUêtá
`�Tg` r \:NbhL_uye`6ìeXeNgP<`�äQNCvFãQPs`6fsX ó±fsâgOeru`ph¥fsPåPsOeh�_urANU_u`]h�\±h�Sbv'`Ãk NCra`Fv�Oeh�_�èz`F_aNCîb`�X
êjfx_ayÄ_uyQfWhÃNCãeãQruSVNgkAy:ï*lÌç)_uye`æYQNU_ANÁh�_aruOZk�_uOeru`�fsXek�PsOeY�`]h6ê8SgraîwhuãeNbk�`g\*huOekAyëNghF_ayQ`
Æ�À  ½ ìe`�PWY%fåX%_uyQfWht`�äQNgv'ãePå`b\Vfå_jv6Nnp6èZ`LfsXQ`b�Ãk�fs`�XV_t_uSFk�SbãwpÃh�OekAy%OQXQXQ` ` Y�`]Y%YeNU_aNeï
óQOQru_uyQ` ruvFSbru`b\*fx_ÃfWhFOehuOeNCPsPåp>XQSC_ÃãzSbhah�fsèQPs`¥_uSÁâg` XQ`�rANU_a`¥k�S�Y�`HNCO�_aSgv6NU_afsk NCPsPåp0çÉSbr
k�SgãwpwfsXQâÃçÉraSgv�SgXe`'YQNC_aN%h�_aruOek�_uOQra`�_uS�NCXQSg_uyQ` r ïÏàtyQ`�ra`�çÉSbru`b\ZNC_Â_ayQfsh)ãzSgfsXV_)fsX�SbOQr
ê�SbruîHk�SgOQãQPsfsXQâ¥ðXU
l2c êjfå_uy ^w`�XZhuMHfÂùZUÂö
\zê8`Fru`]÷VOQfåra`�_uyQ`FOehu`�rL_aS¥ãeruSUTwfWY�`�_ayQ`
ruSbO�_ufsXQ`tçÉSgr�k�SgãwpwfsXQâ�YQNU_ANLèZ`�_�ê�` `�X'_uye`
NCãQãePåfWk�NC_ufsSgX�ámh�ãz` k�fxìzkjYQNU_AN�h�_aruOek�_uOQra` h�NCXeY
_uyQ` får
YQfxôÏ`�ra`�XV_ufWNU_a` Y¥k�SbOQXV_u`�raãeNgr�_Ah�ï

sQí ì ttð���ó�õg�U�Qô�'ýð��ó�þû�tH÷G)O÷>õ
ð
h8NCPsPåOeYQ` YF_aS�fsX6_uye`ÂãQra` k�` Y�fsXQâ�hu` k�_ufsSgX:\Vv6NCXwp'ãeNCrANCPsPå` PeXQSbXQPsfåXQ`]NCr�çÉOQXek�_ufsSgXeh�çÉSgPåá
PåSUêø_uyQ`�ãeNU_u_u`�raX�âbNC_uyQ` r��Chuk NU_u_u`�rtâbyQSbh�_
TUNCPsOQ` h \ek�SgvFãQO�_a`�çÉOQXek�_ufsSgX�SgX�PsS�k�NgP7h�Oeè�á
Y�Sgv6NCfsX:\eNgXeY�Nghahu`�v�èePå`1�nv6NCã%çÉOQXek�_ufsSgX�çÉraSgv3PåS�k�NgP¸_uS?âgPsSgèeNgP¸fåXeYQfsk�` h ïZàtyQ` ru`�çÉSgra`g\
NCX?NgãQãQraSbNgkAyF_ayeNU_tNnTgSbfsYQh�v6NCXwpFSCç¸_uye`)k�SgvFãQPsfsk NU_ufsSgXZh�NghahuSwk�fsNC_u`]Y6êjfx_ay?NCãeãQPåpwfsXQâ
ðaU _aS¥_uyQ`6çÉOePåP<ãZNCrANCPsPå` P*XQSgXQPsfsXQ` NgrLçÉOQXek�_afåSbX0fshL_aSHNCãQãePåpæðXU SbXQPåpH_uS�_uye`6PåS�k�NgP
h�OQèÏY�SbvFNgfåXòçÉOQXZk�_ufsSgX7\7êjfå_uy0v6NCXwOeNCP�v'S�Y�fåìZk NU_ufsSgXZh)_uS�_uye`?h�`�_uOQãÁNgXeY0Nghah�` v�èQPsp
ãQyeNghu` h ï6bò`�yeNnTg`¥`�äQNCvFfsXQ` Y>_uyefshÃNgãQãQraSbNbkAy fåXëk�SgXUé�OQXZk�_ufsSgXÄêjfå_uyëM�ö�à1^�k¥NCXeY
à±ð
ù èwp%v6NCXwOeNgPåPsp?`�äw_urANgk�_afåXeâ�_ayQ`�PsS�k�NCP±h�OQèÏY�SbvFNgfåX�çÉOeXek�_afåSbX:\ZNbhjfåPsPsOeh�_araNC_u`]Y�fåX
ó±fsâgOeru`×jFNCXeY�Y�`]huk�rufsèz` Y%fåX�[�]g\ vR`Ìï�j` k�`�XV_7ê8Sgraî1yeNgh:`�äQNCvFfsXQ` YLyQSUêòê8`�k�NgX�Oeh�`�_ayQ`�h�_uraOek�_uOQra` Y)âgrafWY)k�SgvFãzSgXQ` Xb_Ah
_uSæhufåvFãQPsfåçÉp�_ayQ`ÃãQraS�k�`]huh ï7àtyQ`?hu`�_aOQã>NgXeYÁNghah�` v�èQPspæãeyeNghu` h�Ngru`6`]huhu`�XV_afsNgPåPspæ_ayQ`
huNgv'`1çÉSgr8v'SVh�_�XQSgXQPsfsXQ` Ngr<çÉOQXek�_ufsSgXeh�SgX%N�h�_aruOZk�_uOeru`]YFâgrafsY¸ïwàtyQ` ru`�çÉSgra`g\CfsXeh�_u` NbY6SCç
`�äw_urANgk�_ufsXQâ'_uyQ`�huOQèÏY�Sgv6NCfsX�k�SgvFãQOQ_aNU_afåSbX?çÉraSgv _uyQ`�ãeNgraNgPåPs`�P¸XeSgXQPsfåXe` NCr8çÉOQXZk�_ufsSgX7\
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ê�`1Nbh�î�_uyQ`ÂOeh�` r*_uS�ãQruSUTwfWY�`tSgXQPsp�_uyQ`
huOQèÏY�Sgv6NgfåX'çÉOQXek�_ufsSgX:ïVlmXeh�_u`]NgYFSCçÏãQraSUTwfsY�fsXQâ
N�XeSgXQPsfåXe` NCrtçÉOeXek�_afåSbX¥êjfå_uy¥_ayQ`�fåXV_a`�ruç©Ngk�`

ÜY�#½��>Æ*�!ÇR½OÜ'É=�HÛL�=� ¶ �6Ý ¹ ÀMÇýÝ ¹ À�ÇýÝmÌ�É�ÜRÁ��#ßQÎ
_uyQ`ÂOeh�` r<ãQraSUTwfsY�`]h�\CçÉSgr�`�äQNCvFãQPs`g\bN�PåS�k�NgPZhuOQèÏY�Sgv6NCfsXFçÉOQXek�_ufsSgXÃêjfå_uyÃ_uyQ`ÂfåXV_u` r�ç©Nbk�`

ÜY�#½�´#ÉMÇ�Í#Ë2��ÉEÅ2µ��EÆ*�!ÇR½!ÜRÉ=� Ú ÁÏÛ[�!ÜLÀ#Ë�Á �*�QÝ��!ÜRÀ#ËEÁ �*�QÝ�¶~É~ÉEÅ#Á�ÃQÝ Ì�É�ÜRÁ��#ßQÎ
êjyQ`�ra` ¶~É~ÉEÅ#Á�Ã k�SgXV_aNgfåXZh�fsX�çÉSbruv6NU_afåSbX¥NgèZSbO�_t_uyQ`�k�SgraXQ`�rAh8SCç±_uyQ`�huOQèÏY�Sgv6NCfsX�NCXeY�OÜ'À#ËEÁ fWh¥N>h�_uraOek�_aOQru`�êjfx_ayøN>XVOev�èz`�r�SCç�hak�NgPsNgrÃìe` PsYQh�k�Sgraru`]h�ãzSgXeYQfåXQâ0_aS>_ayQ`
XVOev�èz`�r'SCç1Y�`�âbru` ` h�SCçtçÉru` ` Y�Sbv NU_�`]NgkAyÁTg` r�_a`�ä¸ï±àtye`%hu`�_uOeã>NCXeYÁNbhuhu`�v�èQPspòNgru`
yeNCXeYQPå`]YÄèVp>_uyQ`�h�_aruOek�_uOQra` YÄâbrufWYík�SgvFãzSgXQ` XV_ ïx·)fsTg` XëN Y�fåôz` ru` Xb_afsNC_u`]YÐTb`�rAh�fsSgX
SCç ´~ÉMÇ�Í#Ë=�#ÉEÅ2µ��>ÆG�!ÇR½!Ü'É2� Ú Á \Q_uyQ`Ãh�_uraOek�_aOQra` YòâgrafsY0k�SgvFãZSbXQ`�XV_�k�NgXÁNCPWh�S�ãz`�ruçÉSgrav
_uyQ`LXQ`]k�` hahaNCrapFhu`�_aOQã:\QfsXek�PåOeYQfåXQâ6hu`�`]YÃv6NU_arufåä?fsXb_afsNgPåfsõ NC_ufsSgX:\�NgXeY%Nbhuhu`�v�èQPsp6SCç7_ayQ`}bNbk�SgèefsNgX:ï�àtyQ`òh�`�_uOQã NgXeY Nghahu`�v�èePåpÐãQyeNghu` h?Oehu`æk�SbPåSbrufsXQâ�[�]0nL`
_uS>ra` YQOek�`�_ayQ`
På` XQâC_ay�Sgçe_uye`tYQ`�rafåTUNU_afåTb`�Tb` k�_uSgrAh7_uSÂ_uyQ`1h�_u` Xek�fsP�h�fsõ�`8_ufsvF` h�_ayQ`tXVOev�èz`�r*SCçzY�`�âbru` ` h
SCç8çÉru` ` Y�Sbv¥ï±óQO�_aOQru`6ra` hu` NgrakAy�êjfåPsP<`�äV_a`�XeY�_ayQfsh�ê�Sbruî�_aSHR1`]huhufsNgXòk�SgvFãQO�_ANU_afåSbXeh
NCXeY%OQXeh�_uraOek�_aOQra` Y¥vF` huyQ` h ï
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Parallel function
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Script file
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Local Jacobian
computation

PETSc codeUser code

AD-generated codeAD tools
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sQíOs ùZõ%÷*�÷~û!ò{ð�ñz3×÷>ñ0ò0÷>ú�yU�öû
�'òFþð�û{tt÷G)�÷~õ
ð�ìeXeNgP
SgãQ_ufsSgXÄfshÃ_uS Y�fåôÏ`�ra`�XV_ufWNU_a`�_uyQ`æ`�Ps`�vF`�XV_?SbrÃTg` r�_a`�ä>çÉOeXek�_afåSbX NCXeYÐ_uye`�X
Nghah�` v�èQPs`F_uyQ`?çÉOQPsPt}VNgk�SbèQfWNCXòçÉruSbv _ayQ`Ã` På` v'` XV_mVÉSbr�Tg` r�_a`�äMY×}VNgk�SgèQfWNCXeh ï:àtyQfWh�fWh
k�SgvFvFSgX�ãQrANgk�_afsk�`tfåX�ìeXQfå_u`t`�Ps`�vF` Xb_<k�SgvFãQO�_ANU_ufsSgXZh�\U`]h�ãz` k�fsNgPåPsp�êjyQ`�X�_uye`j`�Ps`�vF`�XV_}bNbk�SgèefsNgX�fWh�hufåvFãQPs`F_uSHY�` rufsTg`FèwpæyZNCXeY¸ï±óQSgr�k�SgvFãQPs`�äò`�Ps`�vF`�XV_�Sgr�Tg`�ru_u`�äHçÉOQXek�á
_ufsSgXeh \±Sbr�çÉSbr�yQfsâgyQ` r�áÌSgrAY�` r�Y�`�rafsTnNC_ufsTg`]h�\7ðXU�k�NCX>èZ`%`�vFãQPsSUpg` Y:ï±àtyQfWh�NgãQãQraSbNbkAy
`�PsfåvFfsXeNU_a` h�_uyQ`)XQ` ` Y6çÉSbr8N�v6NU_urafåä?k�SgPsSgrafsXQâe\bru`]Y�Oek�`]h<_ayQ`)v'` vFSgrap'ra` ÷VOQfsra`�vF`�XV_ah \
NCXeY%fsh1` NghufsPåpÃ`�äw_u`�XZY�` Y%_uS6hu` k�SgXeY¥NCXeY%yQfsâgyQ` r�áÌSgrAY�` rtYQ`�rafåTUNU_afåTb` h ï

àtyQ`FãQrufsXek�fåãeNgP�fåvFãz` Y�fsvF`�XV_�_uS¥_ayQfsh�NgãQãQraSbNbkAyHfsh)_ayeNU_�XeSC_�NCPsP�çÉOQXek�_afåSbXeh�Ngru`
` NghufsPåp¥Y�` k�SgvFãZSVh�`]YÃ_aS6_uyefshjPs`�Tb`�P£ïQlÌ_
v6Nnp?èz`�k�SbvFãQO�_aNC_ufsSgXeNgPåPsp?vFSbru`�`J�6k�få` XV_j_uS
ãQru`]k�Sbv'ãeO�_u` ´ZO�ä�` h*çÉSbr�NCPsPeSgçÏ_uyQ`Â` Y�âb` h��]ç©Ngk�` h�fsX6_uye`
h�OeèzY�Sbv6NCfsX:\C_ayQ`�XÃOZh�`j_ayQ` hu`´eO�ä�` h±fåX'k�Sbv'ãeO�_ufsXQâÂ_uyQ`8`�Ps`�vF`�XV_�çÉOQXek�_ufsSgXeh ïUóQOQru_uyQ` ruvFSbru`b\�èzSgOQXeYeNCrapLk�SgXeYQfx_afåSbXeh
vFNnpÐfåXV_aruS�Y�Oek�`�v6NCXwpÐhuãZ`]k�fWNCP
k Nghu` h ï<lÌ_?fWhÃk�SbvFãQO�_aNC_ufsSgXeNgPåPsp>vFSbru`�`b�Ãk�få` Xb_?_uS
yeNCXeYQPå`
_uyQ`]h�`Lh�ãz` k�fsNgPzk Nghu` h8h�` ãeNCrANU_a`�Pspg\g_uyQ` X?PsSVSbãÃSUTg` r*_uye`Âra`�v6NCfsXQfsXQâ�` På` vF`�XV_ah \
_uyeNgX%_aS'_u` h�_1`�Tb`�rap6`�Ps`�vF`�XV_j_aSÃY�`�_a`�rav'fsXQ`LêjyQ`�_uyQ` r
NFh�ãz` k�fsNgP:k�Nghu`�NCãQãePåfs` h ï

» ¼�½º¾×y:Úeß2svy±Ø�Ù#u6èÀ¿eyýêVÝXèmÙ�ê
b�`ÃãeruSUTwfWY�`ÃN�èQrafå`�ç1h�pwXQSbãeh�fWh�Sgçt`�ä�ãZ` rufsvF`�XV_aNgP<ru`]h�OePx_Ah�çÉraSgv#_uyQ`ÃOZh�`ÃSgç1ðaU;fåX
k�SgXCé�OQXek�_afåSbXÐêjfå_uyí_ayQ`�M�ö�à1^Qk%NgXeYí^�`�XehaMIfÂùZU)ö _aSVSbPåîwfå_ah ï<i�Sgra`�Y�`�_ANCfsPå`]YÐY�`�á
huk�rufsã�_ufsSgXZhtSCç7_ayQ` hu`�NCXZY?ra`�PWNU_a` Y%`�ä�ãZ` rufsvF`�XV_ah
k�NCX¥èz`LçÉSgOQXeY¥fsX�[$]b\�]`vQ\<h'³Q\<h�hR`£ï
Á�íî ÿgðAðOõ��Aþ
ò�tH÷G)�÷~õ
lmX�[$]`vR`:ê8`�Y�` hak�rafåèz`�ra` hu` NCrAkAy?fsXV_uS6_ayQ`�NCãeãQPåfWk�NC_ufsSgX�SCç*NCOQ_uSgv6NC_ufWk�NCXeY�k�SgvFãQO�_ANUá
_ufsSgXeNgP:Y�fxôÏ`�ra`�XV_afsNC_ufsSgX¥_uS6M�ö�à1^�kCïQR
`�ra`Lê�`LèQrafå`�´ep%YQfshak�OehahjhuSgvF`LSCç�_uyQ`�ra`�Ps`�TUNCXV_
`�ä�ãZ` rufsvF`�XV_aNgP¸ru`]h�OePx_Ah�ï
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b�`LyeNnTb`
_a` h�_u` Y%_ayQ`�Y�fåôz` ru` Xb_afsNC_u`]Y?Tb`�rAh�fsSgX%SCç�M�ö�à1^�kg\�NCXeY%fåX�ãeNgr�_afsk�OQPWNCrtfx_Ah
PåfsXQ` Ngr�h�SbPåTb`�rÂk�SgvFãzSgXQ` Xb_]\Ïêjfx_ayòNgXæ`�äQNgv'ãePå`'fåXwTbSgPsTVfsXQâ?_uyQ`6huSgPsO�_ufsSgXHSgç8N%PåfsXQ`]NCr
h�p�h�_u`�v SCç±`]÷VOeNU_afåSbXehpÂiä���Ã
êjyQ` ru`�Â fsh8_ayQ`{h�n�^ÅÄ¤h�n�^�v6NU_arufåä?êjyQSVh�`Lh�ãZNCrAh�få_�p
ãeNU_u_u`�raX%k�Sgraru`]h�ãzSgXZYQh*_aS�N�ìeTg`�á£ãzSgfsXV_8h�_u`�XZk�fsPÏYQfshak�ra`�_afåõ]NU_ufsSgX?SCç±N\]F^�Ä¤]F^�k�Sbv'ãeO�á
_aNU_afåSbXeNCP¸Y�Sbv6NCfsX:ïwlmX%NCPsPÏSCç:_ayQ`L`�ä�ãz`�rafåvF`�XV_Ah�\wê8`ÂyeNnTb`
Oehu` Y%N�·Li��1ö�^?h�SbPåTb`�r8fåX
k�Sgv�èQfsXeNU_afåSbX%êjfå_uy�NCX¥fsXek�Sbv'ãePå`�_u`�cUu ç©Nbk�_aSgrafåõ]NU_ufsSgX%ãQra` k�SbXeY�få_ufsSgXQ` r ï
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Error in Gradient Computation, N=256, Num.Indep.=256
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Execution Time, N=256, Num.Indep.=256

Convergence Tolerance
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ó±fsâgOeru`×lÃhuyQSUê1h8_uye`�Ngk k�OQrANgk�p?NCXeY¥ãz`�ruçÉSgrav6NCXek�`�ru`]h�OQPå_ahjçÉSgr1TUNCrafsSgOehjk�SgXwTg` r�á
âg`�XZk�`F_uSbPå` raNgXek�`]h�ïAUZU VÉçÉSgr�|aY�fsTVfWY�`]YÁY�fxôÏ`�ra`�XZk�` hQ~EYLYQ` hufåâbXeNU_a` h)ìeXQfå_u`%Y�fxôÏ`�ra`�XZk�`
NCãQãQraSnä�fåv6NC_ufsSgX:\zðaU Y�`]h�fsâgXeNC_u`]h
èQPWNgkAîVáÌèZSnäHNgO�_uSbvFNC_ufWk�YQfxôÏ`�ra`�XV_ufWNU_afåSbX:\ÏNCXeY�cgU
h�_ANCXeYQh8çÉSbrjk�SgvFãQOQ_aNU_afåSbXeNCP¸Y�fåôÏ`�ra`�XV_ufWNU_afåSbX%OehufsXQâ6h�Oek k�`]huhufåTb`
PsfåXe` NCrjhuSgPsTg`]h�SbX?_ayQ`
v�OQPå_ufsãQPs`)rafsâgyV_�áÌyeNCXZYÃh�fWY�`]h�ï�àtyQ`)_u` ruvFfsXeNU_afåSbX%k�SgXeY�få_ufsSgX%SCç:_ayQ`��LrupwPsSUT6h�OQèZh�ãeNbk�`
v'`�_uyQS�YQh1fshjèZNghu` Y¥SgX¥_uye`�ru` PsNC_ufsTg`�Y�`]k�ra` Nghu`)SCç�_uyQ`ÅÈ d á£XeSgrav SCç�_uyQ`�ru`]h�fWY�OeNgP:NCXeY
_uyQ`1k�SgXwTg` ruâb`�Xek�`�_aSgPs`�rANCXek�`�TUNCPsOQ`b\CêjyQfWkAy'fWh�ãQPsSC_u_u` YFNgPåSbXQâ)_uyQ` äeáÌNCäwfWh ïCàtyQ` áVáÌNCäwfWh
SCç�_uyQ`�Ngk�k�OQrANgk�p?ãQPåSg_
fWhj_uye`ÅÈ d áÌXQSgrav Sgç�_uyQ`�v6NC_urafxä¥ru` ãQru`]h�` XV_ufsXQâF_uyQ`�Y�fxôÏ`�ra`�XZk�`
èZ`�_�ê�` `�X�_ayQ`'YQ`�rafåTUNU_afåTb` hÂãQraSwYQOek�`]Y�èwp%_ayQ`'TnNgrufsSgOZh
NCãeãQruSVNgkAyQ`]h1NCXZY�_uye`�Ngk�_uOeNgP
h�SbPåO�_afåSbX:\�Éöä��ÊÂ�Ë:[JÃU\QêjyQfWkAy�ê�`�k�SgvFãQO�_a`�hu`�ãeNgraNC_u`�Psp?Oeã�_uSÃv6NgkAyefåXQ`�ãQru`]k�fWh�fsSgX
çÉSgrÃTb`�rafxìZk NU_afåSbXÐãQOeruãzSbhu` h ï<óQSbr6_uyQ`�ìZXQfx_a`æY�fåôz` ru` Xek�`HNgXeYëðaU#NCãQãeruSVNgkAyQ`]h�_ayQ`
k�SgXwTb`�raâg`�XZk�`Â_uSgPs`�rANCXZk�`Lru`�çÉ`�rAh8_uSF_ayQ`�k�SbXwTg`�raâg` Xek�`ÂSCç6ä7\eêjyQ`�ra` NbhtfåX�_ayQ`�k�Sbv'ãeO�á
_aNU_afåSbXeNCP�Y�fxôÏ`�ra`�XV_afsNC_ufsSgXÁNCãQãeruSVNgkAyòfx_�ra`�çÉ` rahL_aS�_uyQ`%k�SgXwTb`�raâg`�XZk�`'SCçÌÉöä7ï±lmX0_uyQfWh
`�äQNCvFãQPs`g\g_uyQ`)k�SgvFãQOQ_aNU_afåSbXeNCPzY�fåôz` ru` Xb_afsNC_ufsSgXÃNgãQãQraSbNgkAyF`�äwyefåèQfå_ah8hufåâbXQfxìzk�NCXV_<ãz`�ruá
çÉSgravFNgXek�`LfsvFãQruSUTb`�vF`�XV_tSUTg` r�ìZXQfx_a`�Y�fåôz` ru` Xek�`]hjNCXeY�ðaU�ï
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êjyQ`�ra`�_ayQ`'huOQèehak�rafsã�_ahÕV1NCra`�Oehu` YH_uS�Y�fsh�_ufsXQâbOQfshuy�_ayQ`'kAye`�vFfsk NCP�h�ãz` k�få`]h�ï¸àtyQ`'ra`�á
Ngk�_afåSbX?_a`�rav6hjNCra`)âbfåTb`�X¥èwp
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Ù�åCV�7�Y<� ßrè ËSé c áGê�ë ì�í*îðï çÉSgr�hufåXpñ<7xò¡³MÙÙ�åCV�7�Y<� ³ çÉSgr�hufåXpñ<7xó¡³MÙ
êjyQ`�ra`BVÀ� j�NgXeY�lZ\Uñô�öõýãRlEjEh�³�³e\�÷ Ú � h�h�Ø ^>h�\�NCXeY�÷ Ü � _~Ø ^�³�]bï±àtyQ`%_ufsvF`
fåXV_u` ruTUNgPCSCç�fsXb_a`�âbraNC_ufsSgX)fsht[ ³MÙ2|�^�lE³E³R`Ì\ara`�ãeru`]h�` Xb_afåXeâ h'ljyQSgOerah¸vF`]NghuOQru`]Y)fåX�hu` k�SgXeYQh ï

àtyQ`?ãQraSgèePå` v fsh�ãZSVh�`]Y SbXÁ_uyQ`�ha÷bOZNCra` ³�ó ä�ó²h'³e\öjE³�ó á{ó n'³¥V NCPsPtfåX
îVvpY�\Qêjfx_ay%yeSgvFSgâb`�XQ` SgOeh8q1` OQv6NCXQX�èzSgOQXeYeNCrapÃk�SgXZY�fx_afåSbXeh ïQàtyQ`�MHU)öÐhup�h�_a`�v fWh
_ura` NU_a` Y?èVpÃk�`�XV_urANCP¸Y�fåôÏ`�ra`�Xek�` h8SgX¥N�OQXefxçÉSbruv ]0³�³äÄ�]F³�³�âgrafsY:\Vêjfå_uy�hufåvFãQPs`ÂãzSgPspVá
XQSgvFfWNCPQfsXQfå_ufWNCPeãeruSgìePå`]h�ïg^�`�`{[ h#]�`�çÉSgr<vFSgra`1Y�`�_aNCfsPWh�ïgóeSgr*_ayQ`1ãQOeruãzSbhu`jSCç¸h�` Xehufx_afåTwfå_�p
NCXeNgPåp�hufsh \nê�`tfWY�`�XV_ufåçÉp�_ayQ`8çÉSgPsPåSUêjfsXQâ×|ÂãeNCrANCvF`�_a`�rAh�Nghah�S�k�fWNU_a` Y�êjfx_ay�_ayQfWh�ãQruSbèQPs`�v¤ë9 [ ��Ù [ \=9 d ��Ù d \=9 Ú �{Í Ú \29 Ü ��÷ Ú \=9 â �{÷ Ü \19 å ��Î(Ïe\19�øÌ�ÝÐ6\eNgXeYÅ9 ç ��Î ; ïb�`0TUNCrafå`]Yë_ayQ`0XVOev�èz`�r�SCçFh�` Xehufx_afåTwfå_ufs` h¥çÉraSgv ]ò_uSW|íNCXeY k�Sbv'ãZNCra` Yë_ayQ`
Oeh�`%SCçÂðXU3êjfx_ay _uyeru` `ÃìeXQfå_u`�Y�fåôz` ru` Xek�`%vF`�_uyeSwYeh�_aS�k�SgvFãQO�_a`Ã_uye`¥Y�` rufsTUNU_afåTb` h\`]\`_ R åCV�7�YpT 9 å \^]\�aJc ra` ÷VOQfsra` YÐèVpë^w` XehuMHfÂùZUÂö
ï<lmXÄ_uye`æk�Sbv�èQfsXQ` YÄk�`�XV_urANCP
YQfxôÏ`�ruá
`�Xek�`ÂvF`�_ayQS�Y¸\^9�å�NCXeY\á6NCra`
ãz`�ru_uOQraèZ`]Y?hufåv�OQPå_aNCXe`�SgOZh�Psp'_uS'Sgè�_ANCfsXÃèZSg_uy?_u`�rav6h8fåX
_uyQ`¥Y�`�rafåTUNC_ufsTg`6`�ä�ãQra` hahufåSbX:ï¸lmXÁ_uye`ÃSC_ayQ`�r�ìeXQfå_u`?Y�fåôÏ`�ra`�Xek�`ÃvF`�_uyeSwYeh�\±_uyQ`Ã_u`�rav6h
NCra`)NgãQãQraSnäwfsv6NU_a` YÃhu`�ãeNgraNC_u` Påpbïw^w` `¬[ h�]4`ÏçÉSgrjN'k�SgvFãQPs`�_a`�Y�` hak�rafåãQ_ufsSgX?Sgç:_uye`ÂìZXQfx_a`
Y�fxôÏ`�ra`�XZk�`�h�_urANU_u` âgfs` h ï

ó±fsâgOeru`]hPn�NgXeY�^HhuOQvFv6NCrafåõ `ÃSgOQr�ru`]h�OePx_Ah�SgX ]F^�XQS�Y�`]h�Sgç
Næc:fsXwO�äÁk�PsOeh�_a`�r]ï
ö�NgkAy%XQS�Y�`�fsX?_ayQ`�k�PsOeh�_u`�rjyZNgh8_�ê8S¬nEn'³'iHR1õ�M�` XV_ufsOQv l�lul�ãeruS�k�`]huhuSgrAhZVÉSgXePåpÃSbXQ`
ãQruS�k�` hah�Sbr'ãz`�r6XeSwYQ`�ê8NbhFOeh�`]YMY'NCXeYÄi�pwrafåXe`�_6fåXV_a`�rAk�SgXeXQ` k�_ ï�ðXUñh�yeSUê1h6NòhufsâCá
XQfxìzk�NCXV_1ãz`�ruçÉSgrav6NCXek�`�NgY�TUNCXV_ANCâg`)SUTg` rt_uyQ`�ìeXQfå_u`�Y�fåôÏ`�ra`�Xek�`�v'`�_uyQS�YQh ïZR
SUê�` Tg` r \
Ngh�ó�fsâgOQra` ^HfåPsPåOZh�_araNC_u` h \±_uyQ`%ãZ` r�çÉSbruv6NCXZk�`ÃfsvFãQruSUTb`�vF`�XV_Ah�NCra`?Y�Oe`Ã_uSòNHra` Y�OZk�á
_ufsSgX�fsX�_uyQ`�XwOQv�èZ` r1SCç�_afåvF` h�_u` ãeh1ra` ÷VOQfsra` Y�T�_ayQ`�raOQXV_ufsvF`�ãZ` rj_ufsvF` h�_u` ãæNgk�_uOeNgPåPsp
fåXek�ru`]Nghu` h ï
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b�`HOZh�`]YíðXU�_uSÁãeruSUTwfWY�`¥_uyQ`æYQfåra` k�_ufsSgXeNgP1Y�`�rafåTUNC_ufsTg` hFra` ÷VOQfsra` YÐèVpíM�ö�à1^�k%_uS
h�SbPåTb`H_uye`òh�_u`]NgY�pVámh�_ANU_u`b\�_ayQra`�`�ámY�fsvF`�XehufåSbXeNCP)k�Sbv'ãeru`]huhufåèePå`òö<OQPs`�r¥` ÷VOeNC_ufsSgXeh%SgX
vFNgãQãz` Y¸\1h�_uraOek�_aOQra` Y vF`]h�yQ`]h¥Oeh�fsXQâíNÐhu` k�SgXeYwáÌSgrAY�` r \g�jSw`�á£_�pVãz`g\8ìeXefx_a`�áÌTgSgPsOQvF`
Y�fshak�ra`�_afåõ]NU_afåSbX:ï6b�`HhuSgPsTg`]Y>fsXÄãeNCrANCPsPs`�P1NòXQSgXePåfsXQ` NgrÃh�p�h�_u` v¥\�Oeh�fsXQâ0v6NU_arufåäwá çÉra`�`
q1`�êt_aSgX�á!�LrapVPsSUTVám^QkAyVêtNCraõ�NgPåâbSgrafx_ayQv6h�êjfx_ay ãehu`�OeYQSCá£_urANCXehufå` XV_�k�SgXV_ufsXwOeNU_afåSbX _uS
v'S�Y�` P1_araNgXeh�SbXQfWk\´ZSUê SUTg` rÃNCXúù)q
öt�1ð�i�^ÁNgfåraãQPWNCXQ`�êjfsXQâeï�^�`�`¥[�]F|'`jçÉSgr?Y�`�á
_aNCfsPWh±NgèZSbO�_7_ayQ`�ãeruSbèQPå` v çÉSgrav�OQPWNU_afåSbX�NCXeY�NCPsâgSgrafå_uyQvFfWk<NCãQãeruSVNgkAy:ï�àtye`�PsfåXe` NCrafsõ�` Y
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q1`�êt_aSgX?k�Sgraru`]k�_afåSbX�`]÷bOZNU_ufsSgXZh<ê8`�ra`
h�SbPåTb` Y'èwp�OZh�fsXQâ�ra` h�_aNgr�_a` Yz·Li��1ö8^'ãQra` k�SbX�á
Y�fx_afåSbXQ` Yúêjfx_ay _ayQ`�ra` h�_urafWk�_u`]Y NgYeY�fx_afåTb`0^QkAyVêtNCraõHvF`�_ayQS�Y êjfå_uyøSgXQ`òY�`�âbru` `æSCç
SUTg`�raPWNCã:ï

ð
h6Y�fWhuk�Oehah�`]Y fsXíY�` ã�_uyífsX�[ h'³'`1NCXeYÐh�OQvFv6NCrafsõ�` YÐfsXíó�fsâgOQra`i_�\�SgOQrFra` huOQPx_Ah
fåXeYQfsk NU_u`�_uyZNU_ \]çÉSbr±v6NU_arufåäwá çÉra`�`�q1`�êt_aSgX�á!�LrapVPsSUT)v'`�_uyQS�YQh \UðaUíSCôÏ`�rAh�h�fsâgXQfåìZk NCXV_uPsp
âgra` NU_a`�r:raSgèeOeh�_aXQ` hah7NgXeY�ãQraSUTwfsYQ` h¸èz`�_u_u`�r�NCPsâgSbrufå_uyev'fWk*ãz`�ruçÉSgrav6NCXek�`*_uyeNgX�Y�SjìZXQfx_a`
Y�fxôÏ`�ra`�XZk�`1NCãeãQruSnä�fsv6NU_ufsSgXZhgV óÏUZY�ïbR1SUê8`�Tb`�r]\UèZ`]k�NgOeh�`8_ayQ`
Y�fsru`]k�_afåSbXeNCPQY�` rufsTUNU_afåTb` h
ru`]÷bOefåra` YæèVp�N?v6NU_arufåäwá çÉra`�`'vF`�_ayQS�Y�k NCXòèZ`6k�SbvFãQO�_u`]YæPs` hah)`�ä�ãz`�XehufåTb`�PspHèwpHóÏU
_uyeNgX�èwp)ðXU�\UðaUíY�Sw` h±XQSg_±NCPsê8Nnp�h¸ãeruSUTwfWY�`�Njãz`�ruçÉSgrav6NCXek�`<NgY�TUNCXV_ANCâg`�fåX�_a`�rav6h:SCç
ruOQXV_afåvF`¬[ h�³R`ÌïEbò`�NCra`
_ayQ`�ra`�çÉSbru`ÂfåXwTb` h�_ufsâbNU_afåXeâ�ywpwèQrufWY?ðXU1ámóÏU h�_urANU_u` âgfs` h \bêjyefskAy
k�Sgv�èQfsXQ`)_uyQ`�raSgèQOZh�_aXQ` hahtSCç�ðaU êjfå_uy¥_ayQ`�ru`]Y�Oek�` Y¥k�Sbh�_jSCç*óÏU�ï
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